Abstract The objective of this study was to determine the conversion rate of human epidermal growth factor receptor 2 (HER2), estrogen receptor (ER) and progesterone receptor (PR) between primary tumors and metastatic lesions in advanced breast cancer. Patients with suspected diagnosis of locally recurrent or metastatic breast cancer, either at first relapse or after successive disease progressions, who had an appropriately preserved sample from a primary tumor and were scheduled for a biopsy of the recurrent lesion, were included. Blinded determinations of receptor status on paired samples were performed by immunohistochemistry and fluorescence in situ hybridization at a central laboratory and compared with those performed locally. Overall, 196 patients were included and 184 patients were considered evaluable. Reasons for non-evaluability included the inability to perform biopsy (n = 4) or biopsy results showing normal tissue (n = 3), benign disease (n = 3) or a 
Introduction
The status of human epidermal growth factor receptor 2 (HER2) and the hormone receptors (HR), including estrogen receptor (ER) and progesterone receptor (PR), are the most relevant biomarkers for clinical practice, predicting response to anti-HER2 and endocrine therapies, respectively. Recently, the 12th St Gallen International Breast Cancer Conference Expert Panel recommends that the subtype classification of breast cancer, namely 'HR positive' (including 'luminal A' and 'luminal B' tumors), 'HER2 amplified' and 'triple negative,' should guide the treatment plan for breast cancer patients.
In spite of the relevance of receptor status, the choice of systemic treatment for advanced disease is more often based on the biological characteristics of the primary tumor at the time of initial diagnosis than of the recurrent lesion at the time of relapse. This may be because for many years, it has been assumed that the biomarker status of the primary tumor and its corresponding metastasis was not different. However, several studies have revealed the existence of variable discordances in receptor status between primary tumors and metastatic lesions that may be as high as 40 % for PR, 36 % for ER and 20 % for HER2 [1] [2] [3] . Reasons for these discrepancies may include the possibility that the molecular profile of breast cancers evolves over time and that biomarkers are heterogeneously expressed within the tumor [4] and technical inconsistencies in both tissue processing and sample evaluation. No prospective studies have addressed this question [5] .
Being aware of the benefits that the correct systemic therapy provides to patients with advanced breast cancer, the Spanish Breast Cancer Research Group (GEICAM) performed a prospective, observational study to determine the conversion rate of receptor status (ER, PR and HER2) between the primary tumor and the recurrent lesion. Blinded determinations in paired samples were carried out at a central laboratory, and results were compared with those performed locally. Lastly, the impact of receptor discordance on the choice of subsequent systemic treatment was assessed.
Materials and methods

Study design
This was a multicenter, prospective, observational study coordinated by GEICAM and performed by the Medical Oncology departments in 31 hospitals. The study protocol was approved by the Institutional Review Board and the Ethics Committee of Hospital Provincial de Castellón (Spain), according to the requirements of the Spanish regulations (GEICAM 2009-03; clinicaltrials.gov identifier: NCT01377363). Study procedures were carried out in accordance with the Declaration of Helsinki, as revised in 2008, and good clinical practice guidelines. Written informed consent was obtained from all patients before enrollment.
Patient selection
The study included patients over the age of 18 with a suspected diagnosis of locally recurrent or metastatic breast cancer, either at first relapse or after successive disease progressions, between December 2009 and March 2011. Patients were required to have a formalin-fixed paraffinembedded (FFPE) tissue sample from the primary tumor. Additionally, they had to be scheduled to undergo a biopsy of the recurrent or metastatic lesion within the next 6 weeks according to the routine clinical practice of the hospital. Biopsy could be performed by fine-needle aspiration, drainage of fluid cavities, core biopsy or surgical process. Study participants had to be capable of providing written, informed consent.
Exclusion criteria included in-breast recurrences, as well as second neoplasms, except for appropriately treated in situ cervical cancer and non-melanoma skin cancer.
Study procedures
Registration visit was completed within 6 weeks prior to the previously planned biopsy of the metastatic lesion. For each patient, date of birth, menopausal status, tumor stage, histological grade, receptor status (ER, PR and HER2) of the primary tumor according to local laboratory, type of surgery performed and antitumor treatment, location of the metastatic lesion and whether it was a first relapse or metastatic disease progression were recorded. At this visit, the treating oncologist declared the intended treatment plan for the patient.
Biopsies of the recurrent tumors were analyzed at the local laboratory, and blinded determinations of ER, PR and HER2 were centrally performed at the Pathology Department of Hospital Clinico Universitario de Valencia, (Spain), in paired samples of the primary tumor and the metastatic lesion. Once biopsy results at local level were available, the attending physician assessed the discordances between primary and metastatic tissues and whether the treatment plan should be modified.
Tissue processing
Central laboratory
All primary and metastatic tissues were analyzed at the same time and using the same methodology. For the expression of ER and PR, Benchmark XT instrument and the corresponding CONFIRM Ò antibodies (Ventana Medical Systems, Inc) were used. Both Allred score and percentage of nuclear staining were determined. Tumors with moderate-to-intense nuclear staining of C1 % or an Allred score C3 were considered ER positive or PR positive [6, 7] . IHC analysis for the expression of HER2 was conducted using the PATHWAY Ò anti-HER2 (4B5) monoclonal antibody (Ventana Medical Systems, Inc), considering the expression negative (0, 1?), indeterminate (2?) or positive (3?). When IHC yielded an indeterminate result for HER2 (2?) or when a discordant result between primary tumor and metastasis was observed, FISH was carried out using HER2 FISH PharmDx Ò kit (Dako Denmark A/S) and results were interpreted according to manufacturer's instructions [8] .
Local laboratory
Pathology report was retrieved from primary tumor diagnosis, and biopsies from metastasis were analyzed at the time of relapse. The methodology used for the analysis of these samples by IHC and FISH at local level was not standardized, and each site used instruments and commercial antibodies according to their own established criteria.
Statistical analysis
The primary objective of this study was to estimate the conversion rate of HER2 status between primary tumors and metastases in patients with advanced breast cancer. Secondary objectives included ER and PR conversion rate, evaluating the impact of the immunohistochemical subtype of the primary tumor on the conversion rate, assessing the concordance between the results obtained locally and centrally and estimating how the conversion rate of receptor status may influence the antitumor treatment. Three immunohistochemical subtypes were previously defined: (1) 'HR-positive' tumors (ER positive and/or PR positive and HER2 negative); (2) 'HER2-amplified' tumors (HER2 positive/any HR); and (3) 'triple-negative' tumors (ER negative, PR negative and HER2 negative). According to previous studies, the estimated conversion rate of HER2 determined by IHC or FISH was around 10 % (range 4-20 %). Considering that this conversion rate was similar within each molecular subtype, with an alpha error of 0.05 for a bilateral contrast and an accuracy of ±0.09 %, 43 patients would be needed for each molecular subtype, requiring 129 patients. Assuming that 25 % of patients would be lost for analysis due to invalidate biopsies or inconclusive results, 172 patients were required to achieve the main objective of this study. However, in a preliminary analysis after including the first 84 patients, the observed HER2 conversion rate was 3.57 %, so the sample size was re-estimated with the same premises and 222 patients were found to be needed.
All statistical tests were performed against a two-sided, alternative hypothesis using a significance level of 0.05 and a 95 % confidence interval. The variability in the receptor expression results between local and central laboratories was measured using Cohen's kappa index and interpreted according to Landis and Koch [9] . All these analyses were performed using SPSS statistics software version 17.0 (SPSS Inc, Chicago, Illinois, USA).
Results
Patient characteristics at baseline
Over 15 months, 236 patients were preselected, 196 patients fulfilled selection criteria, and 184 patients were finally considered evaluable for this study. Twelve out of 196 patients initially included were considered not evaluable because the biopsy was not performed (n = 4) or results obtained showed normal tissue (n = 3), benign disease (n = 3) or a second neoplasm (n = 2) (Fig. 1) . A summary of patient characteristics is shown in Table 1 .
Conversion rate of receptor status and changes in molecular subtypes between primary tumor and metastasis
Local laboratory
From the 184 evaluable patients, biopsy data were available from all metastatic lesions at local level, but original pathology report from the primary tumor could only be obtained from 178 patients. The conversion rate for HER2 was 16 % (95 % CI 10.7-23.4), similarly distributed in gain (14 patients, 10 %) or loss (9 patients, 6 %) of HER2 overexpression or amplification. Most of the conversions were seen in the HR-positive subtype, while only one patient in the triple-negative subtype and 2 patients in the HER2-amplified subtype changed the HER2 status (Table 2) .
For ER, the conversion rate was 21 % (95 % CI 15.7-28.9): a switch from ER positive to ER negative was identified in 14 patients (9 %) and from ER negative to ER positive in 20 patients (12 %). The conversion rate for PR was 35 % (95 % CI 27.5-42.8): a switch from PR positive to PR negative in 34 patients (22 %) and from PR negative to PR positive in 20 patients (13 %). Overall, the conversion rate for HR was 15 % (95 % CI 10.2-22.0), equally distributed from positive to negative and the reverse (12 patients each). Hormone receptor discordance was observed in only one out of 15 patients (7 %) with triplenegative subtype.
In 36 (26 %) tumors, the immunohistochemical subtype between the primary tumor and the metastatic lesion had changed. The most frequent change observed was from a HR-positive to a HER2-amplified tumors (12 patients, 9 %), followed by the change in the opposite direction (8 patients, 6 %). Other frequent changes were from HRpositive to triple-negative tumors (7 patients, 5 %) and the reverse (6 patients, 4 %). Changes between triple-negative and HER2-amplified tumors in either direction were rarely observed (Table 3) .
Central laboratory
The status of HER2 was again the most stable, with a conversion rate of 3 % (95 % CI 1.1-7.2). All the changes (5 patients) were from negative to positive status. Most of the conversions (4 patients) were seen in the HR-positive subtype, with only one change in the triple-negative subtype ( Table 2) .
The conversion rate for ER was 13 % (95 % CI 8.6-19.4): A switch from ER positive to ER negative was identified in 17 patients (10 %) and from ER negative to ER positive in 5 patients (3 %). The conversion rate for PR was 28 % (95 % CI 21.9-35.9): a switch from PR positive to PR negative in 34 patients (20 %) and from PR negative to PR positive in 13 patients (8 %). Overall, the conversion rate for HR was 12 % (95 % CI 7.6-18), 14 of 20 patients (8 %) from positive to negative and 6 of 20 patients (4 %) the reverse.
In 16 (10 %) tumors, the immunohistochemical subtype changed between the primary tumor and the metastasis. The most frequent change observed was from HR positive to triple negative (8 patients, 5 %) and to HER2 amplified (4 patients, 2 %). Changes from triple negative to HR positive were also observed (3 patients, 2 %), whereas in only one patient was there a change from a triple-negative tumor to a HER2-amplified tumor (1 %) ( Table 3) .
Variability in the receptor expression between local and central laboratories
There was substantial agreement for HER2 status in both primary tumor and metastasis between local and central determinations. There was also a substantial concordance for ER expression at metastasis (kappa index = 0.794). By contrast, the highest variability was detected in the PR expression, in both primary tumor and metastasis (kappa index [k] = 0.555) ( Table 4) .
Influence of previous treatment and biopsy site on conversion rate
There was no significant difference in conversion rate of HER2, ER and PR (centrally assessed) with respect to the previously received treatment. When compared to the changes in receptor status between locoregional recurrences and distant metastases, there was no significant difference for HER2, although we found a higher conversion rate for ER (26 vs. 10 %; p = 0.019) and a non-significant trend for PR (41 vs. 25 %; p = 0.088) in the locoregional recurrences.
Influence of the change in molecular subtype on treatment plans
The intended treatment plan was modified in 15 patients (8 % of the evaluable population) after the biopsy: in 11 of the 36 patients (31 %) whose tumor subtype changed in the metastatic lesion according to the local assessments and in 4 of the 103 patients (4 %) who did not change (p \ 0.001).
Discussion
To the best of our knowledge, ConvertHER is the largest prospective study that evaluates the conversion rate of the receptor status (HER2, ER and PR) between the primary tumor and a recurrent lesion in a population of advanced breast cancer patients. Moreover, it is the only study that has compared the expression status determined at 31 local laboratories with those obtained at a single central laboratory. Our results showed that the expression of HER2 was the most stable, while the receptor that showed the highest conversion rate was PR, followed by ER. Conversion rates determined centrally were lower than those determined at local level (HER2: 3 vs. 16 %, ER: 13 vs. 21 %, PR: 28 vs. 35 %, respectively), suggesting that the discrepancies in receptor status can only be partially explained by laboratory artifacts. Fisher's exact test p = 0.443
Substantial agreement was found in the expression of HER2 between local and central laboratories, as well as in the expression of ER at the metastasis. The expression of PR at any site and that of ER at the primary site showed a lower agreement. Probably, the fact that ER at the primary site was determined at different time intervals in central and local laboratories may have influenced these results.
Oncologists modified treatment plans in 31 % of patients whose tumor subtype had changed according to local laboratories.
Our results are in line with those reported previously by two prospective trials [10, 11] . The DESTINY study reported data from 121 patients in a single center who underwent biopsy, showing a conversion rate of 10, 16 and HER2 human epidermal growth factor receptor 2, HR hormonal receptor 40 % for HER2, ER and PR, respectively [10] . Out of 44 patients who showed a discordance in one or more receptors, 17 (39 %) modified antitumor treatment from that planned before biopsy. The Breast Recurrence in Tissues Study (BRITS) analyzed paired samples from 137 patients with advanced breast cancer in 20 hospitals and reported a conversion rate of 3 % for HER2, 10 % for ER and 25 % for PR [11] . Of 54 patients with discordances of any receptor, subsequent treatment was modified in 24 (46 %). A meta-analysis using individual patient data from these two studies showed conversion rates of 6, 13 and 31 % for HER2, ER and PR, respectively [12] . Interestingly, the results obtained centrally from our study were almost identical to those obtained by the BRITS, probably because in that study, samples from both the primary tumor and the recurrence were sent to a central specialist pathologist to be analyzed. In contrast, results obtained locally in our study are more similar to those obtained in the DESTINY study. The fact that samples from primary tumors were not systematically reanalyzed in the DESTINY study when relapses occurred may explain the higher conversion rates observed.
Overall, according to results obtained centrally, most changes in HR status tended to be loss of expression (50/ 68, 74 %) as opposed to gain of expression (18/68, 26 %). In contrast, all changes in HER2 status were to acquire the expression (5/5, 100 %). These results may reflect the clonal evolution to more aggressive phenotypes [3, 10, 11, 13] . A more profound examination of the molecular differences not only at the receptor level but also at the functional pathway level between the primary tumor and its corresponding metastases could contribute to elucidate whether these receptor discordances are the result of a gradual evolution of the cancer in the metastatic site.
The percentage of modifications in subsequent treatment observed in our study (8 %) seems slightly lower than those observed in the BRITS (17 %) and the DESTINY (14 %) studies. Moreover, it is surprising that after performing a confirmatory biopsy with its consequent risks, physicians still only tailor treatment accordingly in such a low percentage of patients. This probably reflects the fact that when clinicians observe a change in receptor status, they are still uncertain as to whether it is due to a biological change in the tumor or due to a methodological inconsistency. Consequently, clinicians feel more confident adding the corresponding antitumor treatment when a gain of receptor expression is detected, rather than removing an effective and not excessively toxic treatment like endocrine therapy or anti-HER2 monoclonal antibody even though the receptor expression is lost [14] . Additionally, almost half of the changes observed in our study were related to PR, which rarely influences the treatment plan.
We consider that our results strengthen the need to obtain biopsies from metastatic lesions at the time of relapse in breast cancer patients. This is not only due to the conversion rates observed in receptor expression but also due to the need to confirm disease recurrence. On this point, an interesting finding of our study was the observation that 8 (4 %) of 196 patients initially included had a clinical misdiagnosis of relapsed breast cancer. This percentage is lower than the 10 % previously reported, but still remarkable, and underscores the importance of the biopsy, particularly at first relapse [11, 15] . Lastly, our results showed that biopsy of metastatic lesions is technically feasible and that receptor expression can be determined from most biopsies as previously reported [10] . This is an important issue, since novel early-phase clinical trials require biomarker assessment of the most recent disease for patient selection.
We recognize that the design and implementation of our study may have certain methodological limitations. Although the same procedures for sample testing were followed at the central laboratory, the methodologies used within the 31 participating sites probably varied widely because they were not standardized and may have evolved over time. An important question is whether the conversion of the receptor status and management changes would ultimately lead to improvements in patient quality of life and survival. Although intuitively the actual information about the receptor status of the metastases and the according systemic treatment should improve outcomes, this belief has to be proven in clinical trials.
In conclusion, the results of the ConvertHER study reinforce the recommendation to perform confirmatory biopsies of metastasis when relapse of breast cancer patient is suspected. Reasons for supporting this recommendation include not only avoiding the misdiagnosis of breast cancer relapse, but also tailoring more accurately anticancer treatment according to tumor evolution.
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